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INTRODUCTION - Topics
• Insect Physiology 
•Hemipteran (plant-sucking) insects: Aphids 
•Aphid symbiosis & microbial ecology: 
•aphid primary and secondary symbionts 
•« tertiary » players in aphid’s « oligo » micro-ecosystem
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INTRODUCTION - Aphid interactions System
Aphidius ervi
Medicago truncatula
Acyrthosiphon pisum
 
Buchnera aphidicola
Serratia symbiotica
Hamiltonella defensa
Sinorhizhobium meliloti
Regiella insecticola
Rickettsia sp.
Spiroplasma sp
APSE2 phage
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Talk map
❖ Part A : Pathogénie, Symbiose, Vection. Le grand tout du Phytobiome  
❖ Terminologie de la symbiose d’insectes: S2, S2, S3 
❖ Un pathogène de plantes adopte des entomotoxines 
❖ Un pathogène de plante fait son coming out en co-symbiote primaire 
❖ Part B: Mécanismes moléculaires, spécificités de la vection « non persistante »  
❖ Terminologie et spécificités de la vection des phytovirus: NP, SP, C 
❖ La cuticule: un solide biologique informé, Les CuPs (protéines cuticulaires) 
❖ Chitine et autres signaux 
❖ Part C: Insectes , Microbes et sensibilité au changement climatique
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Typologie	des	symbioses	d’insectes
 6
Symbiose	
primaire
Symbiose	
secondaire
Symbiose	
tertiaire
Microbiote	
(autres)
Transmission Verticale Verticale Horizontale Horizontale
Prévalence	 
(in	species)
Obligatoire Facultative Variable Faible
Charge	
microbienne
++++ ++ ++ ±
Fonctions Trophique Trophique	
Reproduction	
Défense
Variable ?
Hote	alternatif Non Non Oui Oui
A
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Dickeya and insects - Starting from Bacterial genomics
1  / Octobre / 2019Yvan Rahbé / Part A: The ∂-endotoxin-like  cluster of Dickeya dadantii 
A
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Dickeya and insects - Starting from Bacterial genomics
1  / Octobre / 2019Yvan Rahbé / Part A: The ∂-endotoxin-like  cluster of Dickeya dadantii 
A
Cyt-like	gene	Cluster
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A
Dda-Cyt	proteins	(with	Cyt1	Cyt2)
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A
bacterial	pathogeny	bioassays:	ingestion,	injection
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Grenier, A. M., G. Duport, S. Pages, G. Condemine, and Y. Rahbe. 2006. The Phytopathogen Dickeya dadantii (Erwinia 
chrysanthemi 3937) Is a Pathogen of the Pea Aphid. Appl. Environ. Microbiol. 72: 1956-65.
A
Many	enterobacteriaceae	are	pathogenic	to	aphids,	among	which	D.dadantii
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A
The	pathogenicity	of	Dda	is	somehow	insect-specific
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Grenier, A. M., G. Duport, S. Pages, G. Condemine, and Y. Rahbe. 2006. The Phytopathogen Dickeya dadantii (Erwinia 
chrysanthemi 3937) Is a Pathogen of the Pea Aphid. Appl. Environ. Microbiol. 72: 1956-65.
A
the	∆cyt	(cyt	cluster	deletion)	mutant	is	highly	altered	in	oral	pathogenicity
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A
septicemy	and	infected	tissues
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A
expression	of	toxin	CytC
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A
operon	regulation	by	temperature,	osmolarity	(sucrose)	and	regulator	mutants
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Costechareyre, D., B. Dridi, Y. Rahbe, and G. Condemine. 2010. Cyt toxin expression reveals an inverse regulation of 
insect and plant virulence factors of Dickeya dadantii. Environ Microbiol 12: 3290-301.
A
pathogeny	assays	on	aphid
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Costechareyre, D., B. Dridi, Y. Rahbe, and G. Condemine. 2010. Cyt toxin expression reveals an inverse regulation of 
insect and plant virulence factors of Dickeya dadantii. Environ Microbiol 12: 3290-301.
A
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• Their	expression	is	induced	at	high	temperature	and	at	an	osmolarity	equivalent	to	that	
found	in	the	plant	phloem	sap	
• The	regulators	of	cyt	genes	have	also	been	identified:	their	expression	is	repressed	by	 
H-NS	and	VfmE	and	activated	by	PecS	
• These	genes	are	already	known	to	regulate	plant	virulence	factors,	but	in	an	opposite	way	
• Mutants	of	other	regulators	of	plant	virulence,	GacA,	OmpR	and	PhoP,	that	do	not	control	
Cyt	toxin	production,	also	showed	reduced	pathogenicity.	
Costechareyre, D., B. Dridi, Y. Rahbe, and G. Condemine. 2010. Cyt toxin expression reveals an inverse regulation of 
insect and plant virulence factors of Dickeya dadantii. Environ Microbiol 12: 3290-301.
A
the	cytABC	are	indeed	aphid	toxins…
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Loth, K., D. Costechareyre, C. Landon, G. Effantin, Y. Rahbé, G. Condemine, and P. Da Silva. 2014. New Cyt-like δ-
endotoxins from Dickeya dadantii: structure and aphicidal activity. Sci. Reports 2015 5:8791. doi: 10.1038/srep08791.
A
the	structure	of	CytC	has	been	solved	by	NMR
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FIGURE 4. Ribbon representation of 
model 1 (A) and 11 (B) of the NMR 
ensemble of CytC (2MLW.pdb). 
Overlay of Cα traces of models 1 to 10 
(C) and 11 to 20 (D). (E) Topology 
diagram of CytC. Helices and strands 
are represented by circles and 
triangles respectively. Secondary 
structure elements are colored in 
rainbow starting from blue to red.
FIGURE 5. Cavity of CytC protein in the two 
models of NMR structures; the cavity is in 
purple. (A) Models 1 to 10 and (B) Models 11 
to 20.
Loth, K., D. Costechareyre, C. Landon, G. Effantin, Y. Rahbé, G. Condemine, and P. Da Silva. 2014. New Cyt-like δ-
endotoxins from Dickeya dadantii: structure and aphicidal activity. Sci. Reports 2015 5:8791. doi: 10.1038/srep08791.
A
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Figure 2
PhyML ln(L)=-16481.1 715 sites
WAG 4 rate classes
branch-support values below 0.7 not displayed
Cyt-like	Phylogeny
Loth, K., D. Costechareyre, C. Landon, G. Effantin, Y. Rahbé, G. Condemine, and P. Da Silva. 2014. New Cyt-like δ-
endotoxins from Dickeya dadantii: structure and aphicidal activity. Sci. Reports 2015 5:8791. doi: 10.1038/srep08791.
A
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FIGURE 7. Ribbon representation of CytC (A), Cyt1Aa (B), Cyt2Aa (C),,Cyt2Ba (D), and VVA2 (E). Helices are 
represented in red and β-strands in yellow.
Loth, K., D. Costechareyre, C. Landon, G. Effantin, Y. Rahbé, G. Condemine, and P. Da Silva. 2014. New Cyt-like δ-
endotoxins from Dickeya dadantii: structure and aphicidal activity. Sci. Reports 2015 5:8791. doi: 10.1038/srep08791.
A
bacterial	Cyt	(ss)	
Phylogeny
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PhyML ln(L)=-11115.2 563 sites WAG 4 rate classes
branch-support values lower than 0.7 not displayed
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Figure 3
Dickeya 
CytBC clade
Aeromonas group (Gram-)
Loth, K., D. Costechareyre, C. Landon, G. Effantin, Y. Rahbé, G. Condemine, and P. Da Silva. 2014. New Cyt-like δ-
endotoxins from Dickeya dadantii: structure and aphicidal activity. Sci. Reports 2015 5:8791. doi: 10.1038/srep08791.
A
other	insect	models	for	transient	(multi-)pathogens
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• aphid	propagative	phyto-viruses	(reoviruses,	rhabdoviruses,	tospoviruses,	tenuivirses)	
• honeybee	and	TRSV	?	(tobacco	ring	spot	virus)
• bacteria
• viruses
A
Adult	alate	pea	aphids	are	significantly	more	resistant	to	(oral)	infection	by	Dda
 25
Grenier, A. M., G. Duport, S. Pages, G. Condemine, and Y. Rahbe. 2006. The Phytopathogen Dickeya dadantii (Erwinia 
chrysanthemi 3937) Is a Pathogen of the Pea Aphid. Appl. Environ. Microbiol. 72: 1956-65.
A
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bioADB+ thi
(HGT Sodalis)
Hamiltonella +
thi (HGT Erwinia)
C. curtihirsuta
C. curvipes
C. cuneomaculata
C. kochiana
C. laricifoliae
C. pseudotaxifoliae
C. pseudotsugae
C. splendens
C. cf. splendens/
pseudotsugae
bioD
Erwinia
Buchnera
thiI
gene HGT plasmid -> chromosome
x2 Plasmid segment duplication
Plasmid rearrangement
x2
x2
Abies Picea
Larix
Pseudotsuga
Manzano-Marín,	A.,…	E.	Jousselin	et	al.	Serial	horizontal	transfer	of	vitamin-biosynthetic	genes	enables	the	establishment	of	new	nutritional	symbionts	in	aphids'	di-symbiotic	systems.	bioRxiv	1–19	(2019).	doi:10.1101/556274
A A	archetypal	phytopathogenic	bacterial	clade	turns	in	co-primary	symbiont	
(Erwinia	haradaeae	,	closest	free-living	relative	Erwinia	pyrifoliae)
Take	home	message	1
 27Yvan Rahbé / Part A: The ∂-endotoxin-like  cluster of Dickeya dadantii 
Complex	evolutionary	histories:	frontiers	between	cognate		symbioses,	
(multi-host)	pathogenicity	and	vectors	are	sometimes	tenuous
A
molecular	mechanisms	of	
transmission
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B
Lessons	from	(plant)	viruses	to	bacteria	?
Typologie	de	la	vection	virale	(plantes)
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NP	
(non	persistent)
SP  
(semi-persistent)
P	
(persistent)	
=	circulative
Persistence Non Non Oui
Circulation Non Non Oui
Multiplication Non Non Rare
A
Typologie	de	la	vection	virale	(plantes)
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A
Specificities	of	plant	virus	transmission
Typologie	de	la	vection	virale	(plantes)
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NP	
(non	persistent)
SP  
(semi-persistent)
P	
(persistent)	
=	circulative
Persistence Non Non Oui
Circulation Non Non Oui
Multiplication Non Non Rare
A
Specificities	of	plant	virus	transmission no	movement	respiration,	feeding,	behaviour	
 30
 31Perilla-Henao,	L.	M.	&	Casteel,	C.	L.	Vector-Borne	Bacterial	Plant	Pathogens:	Interactions	with	Hemipteran	Insects	and	Plants.	Front.	Plant	Sci.	7,	1163	(2016).
FimA,	FimB,	HxfA,	HxfB,	O-antigen
pili	and	membrane	proteins	(spiralins…)
P38,	VmpA	and	secreted	proteins
membrane	protein	(lasAI	autoptransporter)
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aphid / virus
CaMV - cauliflower mosaic Xylella fastidiosa - Pierce disease
Et	du	coté	insecte	?
Adams, D. W., Stutzmann, S., Stoudmann, C. & Blokesch, M. DNA-uptake pili of Vibrio cholerae are required for chitin colonization and capable of kin recognition via sequence-specific self-interaction. Nat Microbiol 1–15 (2019). doi:10.1038/s41564-019-0479-5
Le Roux, F. & Blokesch, M. Eco-evolutionary Dynamics Linked to Horizontal Gene Transfer in Vibrios. Annu. Rev. Microbiol. 72, 89–110 (2018).
Stylin	1	is	the	(P2)	CaMV	receptor
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Webster CG, Pichon E, van Munster M, Monsion B, Deshoux M, Gargani D, Calevro F, Jimenez J, Moreno A, Krenz 
B, Thompson JR, Perry KL, Fereres A, Blanc S, Uzest M. Identification of Plant Virus Receptor Candidates in 
the Stylets of Their Aphid Vectors. J Virol. 2018 Jun 29;92(14)
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65 %
Top 3
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Detected
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CPR RR2
CPAP3
CPAP3
CPF
CPR RR1
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Tweedle
Uncharacterised
Guschinskaya	N,	Ressnikoff	D,	Arafah	K,	
Voisin	S,	Bulet	P,	Uzest	M,	Rahbé	Y:	
Insect	mouthpart	transcriptome	unveils	
extension	of	cuticular	protein	
repertoire	and	complex	organization.	
iScience	2019,	in	revision.	
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Deshoux,	M.,	Monsion,	B.	&	Uzest,	M.	
Insect	cuticular	proteins	and	their	
role	in	transmission	of	phytoviruses.	  
Curr	Opin	Virol	33,	137–143	(2018).
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à 50 peptide sequences correspond to 50 positive spots  
à belong to 23 CuPs
à For example: 3 peptides sequences (326, 324, 325) from CuP ACYPI010088
Webster CG, Thillier M, Pirolles E, Cayrol B, Blanc S, Uzest M. Proteomic 
composition of the acrostyle: Novel approaches to identify cuticular proteins 
involved in virus-insect interactions. Insect Sci. 2017 Dec;24(6):990-1002
Take	home	message	2
 37Yvan Rahbé / Part A: The ∂-endotoxin-like  cluster of Dickeya dadantii 
Cuticle	is	more	than	chitin	
A	biological	solid	is	more	than	a	surface	
Cuticular	proteins	carry	biologically	relevant	surface	information
A
Insects	(&	microbes,	&	plants)	 
are	prone	to	climate	stress
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C
Lessons	(?)	from	plant	viruses
1.	Berges,	S.	E.	et	al.	Interactions	Between	Drought	and	Plant	Genotype	Change	Epidemiological	Traits	of	
Cauliflower	mosaic	virus.	Front.	Plant	Sci.	9,	703	(2018).	
2.	Yvon,	M.,	Vile,	D.,	Brault,	V.,	Blanc,	S.	&	van	Munster,	M.	Drought	reduces	transmission	of	Turnip	
yellows	virus,	an	insect-vectored	circulative	virus.	Virus	Res	241,	131–136	(2017).	
3.	van	Munster,	M.	et	al.	Water	deficit	enhances	the	transmission	of	plant	viruses	by	insect	vectors.	PLoS	
ONE	12,	e0174398	(2017).
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CaMV	and	TuMV	on	turnip
 40
Mutant	TuMV	on	Arabidospsis
Transmission	&	climate	change
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C
Versatile	outcomes
Take	home	message	3
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Dickeya,	(also)	an	insect	pathogen
Cuticle	microbe	interactions
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